VIEWER WITH CODE SENSOR AND PRINTER 

FIELD OF INVENTION 

The present invention relates generally to devices for interacting with computer 

systems, and in particular, to a device which may be used to render otherwise passive 
surfaces audio visually interactive via invisible surface codings. 



CO-PENDING APPLICATIONS 

Various methods, systems and apparatus relating to the present invention are 

disclosed in the following co-pending applications filed by the applicant or assignee of 
the present invention simultaneously with the present invention: 
MPA Q60US, NPA061US, NPA 9& WS, I^A082US, NPPOIOUS , — NPI 
NPP015US, NPP020US, NPPOllUS^^JfflPOaatfST'NPPO^ NPS014US, 
NPSOlSUS^^^^^NESOi^TUST^ NPS018US, NPS022US, NPS027US NPS028US, 
r008US, DINOIUS, pmn7TT<3 PTMmTT<; rtmoatt^ 



The disclosures of these co-pending applicatioii&--^«-''fficorporated herein by cross- 
reference. Each applicati<Mi-is'tS5$orarily identified by its docket number. This will be 
* rgpt5co3T)y the corre s ponding USSN when available , 



Various methods, systems and apparatus relating to the present invention are 
disclosed in the following co-pending applications filed by the applicant or assignee of 
the present invention on 20 October 2000: 



»ffAftiA^^S7-r^ff A031US , ^NI^40US, _ Ivn>A04bUS^^_M^^ ^ 
NPA064US, NPB006yS,__J^IES004US7-^^ NPS013US, NPS024US, 
l^EEe±;===:^P9WS^— — UP03US, OP04tfS; ^JP05US- 



The disclosures of these co-pending_applieationr'areincorp^^ herein by cross- 
reference. Eacli..^jjptication is temporarily identified by its docket number. This will be 
cceplS ccdby the corresponding USGN when available. 



Various methods, systems and apparatus relating to the present invention are 
disclosed in the following co-pending applications filed by the applicant or assignee of 
the present invention on 15 September 2000: 
> ^A02 1 US, NPA025US, I > JrA047U3, NrA04 9 U -S 
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The disclosxires of these co-pending applications are incorporated herein by cross- 
reference. Each application is temporarily identified by its docket number. This will be 
replaced by the corresponding USSN when available. 

Various methods, systems and apparatus relating to the present invention are 
disclosed in the following co-pending applications filed by the applicant or assignee of 
the present invention on 30 Jvme 2000: 

NPAOSOUsi NPAOSlUs' NPA052Us' NPA0631Isi--^A065tJSrT5PA067Us' 
NPA068yS,_j!JE A069US, >JP A07TDSrljPA072US, NPB003US, NPB004US, 
jSUsT I'TPPOigUS, — rEC04US, rECOSUS, rECOOUS ; PECOI 

The disclosures of these co-pending applicati©«sr-afe^ incorporated herein by cross- 
reference. Each apBlicatien-iSTei^orarily identified by its docket number. This will be 

vepltCScShy the coiicsponding USSN when available. • 

Various methods, systems and apparatus relating to the present invention are 
disclosed in the following co-pending applications filed by the applicant or assignee of 
the present invention on 23 May 2000: 

WAOOIUS, JJrA002U3, l'JPA004US, NPAOO: ) US, N P AOOOUS, IJTAOOm 
NPA008US, NPA009US, NPAOIOUS, NPA012US, NPA016US, N^AOtfuS, 



NPA018US, NPA019US, 

NPA048US, NPA075US, 

NPK004US, NPK005US, 

NPNOOIUS, NPPOOIUS, 

NPP008US, NPP016US, 

NPS020US, NPTOOIUS,^ 

NPX003US, NPXOJ 

IJM52US, MjmJS, 
MJ 1 5US,.,^-'^J34US, 

PAKJMt^, PAK05US, 



NPA020US, NPA021US, NPA03IftfSr NPA035US, 

NPBOOIUS, NPB002USj,,,J^P^002US, NPK003US, 

NPMOOIUS, NPMg02tjC^ NPM003US, NPM004US, 
NPP003USj^^NP^605US, NPP006US, NPP007US, 
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BACKGROUND 

Devices such as personal computers, personal digital assistants and even 
mobile phones may be used to interact with audiovisual information and with computer 
applications which have an audiovisual interface. 

5 In general, these devices don't provide access to situated interactive 

information or application interfaces, e.g. to an online fan club chat group associated 
with a concert poster encoxmtered at a train station, or a mortgage calculator associated 
with a flyer received through the mail. Each device must be used to seek out the desired 
information or application interface through a virtual space accessible through the 
10 device, or the information or application must be brought to the device in a device- 
compatible physical format. 

The present invention utilizes methods, systems and devices related to a system 
referred to as "netpage", described in our co-pending applications listed above, wherein 
invisible coded data is disposed on various surfaces to render the surfaces interactive in 
1 5 the manner of graphical user interfaces to computer systems. 

SUMMARY OF INVENTION 

In one broad form the invention provides a viewer with one or more sensors 

capable of sensing coded data. Images which include coded data are sensed by the 
viewer and decoded. The decoded information is transmitted to a computer system which 
20 associates the decoded data with one or more files stored on the system, using previously 
stored association data. The file or files are transmitted to the viewer and to the user via 
the viewer's display screen. The device includes a printing mechanism which allows 
markings to be made on a substrate. The markings may be based partially or wholly on 
user input or on data transmitted from the computer system to the viewer. 

25 Accordingly, in one broad form, the invention provides a viewer including: 

at least one sensor for sensing coded data on or in a substrate and for generating 

first data; 

a transceiver for transmitting said first data or second data at least partially 
based on the first data to a computer system and for receiving at least display data 
30 associated with an identity derived from the first data from the computer system; 
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at least one display device for outputting visual information based at least 
partially on said display data, and 

a printer mechanism for printing on the substrate. 

Printer mechanisms other than conventional ink deposition type print 
5 mechanisms may be used. Examples of other types of print mechanisms include the use 
of thermal paper, such as used in facsimile machines. Li addition the substrate may be 
imprinted with electronically active inks and the print mechanism may be a device for 
selectively changing the state of the electronically active inks. For a better understanding 
of electronically active inks, reference is made to US Patent Nos. 6017584, 6124851, 
10 6120839, 6,120588, 6118426 and 6067185, all assigned to E Ink Corporation, the 
contents of each of which are included herein by reference. 

In one form the visual output corresponds to a human discemable interface on 
the substrate, such as text. 

In use the viewer may be moved across a substrate tiled with data encoded tags 
15 and the output is modified as the viewer is moved across the substrate so as to 
correspond to the interface on the substrate. 

The optical output may correspond to the interface but be text in the same or a 
different language as the interface. The optical output may include the same, more or less 
information as the interface on the substrate. The interface may represent information, 
20 such as bank accoxmt information which is not displayed on the interface in full but is 
displayed, in fiiU via tiie yiew.er. ^ _ . . ^ . . 

The device preferably has controls to enable the optical output to display 
information with a size the same, less or more than the corresponding information on the 
interface. 

25 The device preferably includes a touch screen and the optical output includes 

interactive elements by which the user may modify the optical output by interaction with 
the touch screen. 

The touch screen may be used to input writing or other markings from the user. 
The viewer may then print markings on the substrate based on the user input markings. 
30 The markings printed may be substantially identical to the user input markings or may be 
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printed text corresponding to user input handwriting after the user input has undergone 
text recognition processes. 

The device may also display motion pictures, in which case the physical 
relationship between the viewer and the substrate once the coded data has been 
5 transmitted may be immaterial. 

The viewer may also include memory into which a file or files are downloaded 
for subsequent viewing. 

When the viewer is lifted fi-om the page the portion of the page with which the 
viewer was last in contact can be retained by the viewer and remain interactive. The 

1 0 viewer can do this by default, or altematively only when the user 'freezes' or 'snaps' the 
current view before lifting the viewer from the page, as discussed in more detail below. 
The viewer may include controls for rotating and panning the view after the viewer has 
been lifted from the page, allowing the viewer to be used to navigate an entire page after 
only a single contact with it. The navigation controls may be in the form of a small 

1 5 joystick, or a pair of orthogonal thumb wheels, or may be provided via the touch-screen. 

The viewer senses the identity of the underlying page as well as its own 
position and orientation relative to the page using a netpage sensor embedded in the 
viewer. The viewer can contain multiple sensors (one in each comer, for example), so 
that it works when only partially overlapping a page or even when overlapping multiple 
20 pages. A single sensor located in the center of the viewer is sufficient for most purposes, 
however, and is most economical. 

The viewer is capable of providing an enhanced view of the underlying page. In 
the dark, for example, it can provide a lit view of the page. When magnification is 
needed, it can provide a zoomed view of the page via its zoom controls. The viewer may 
25 also be able to provide a zoomed-out view of the page. 

The viewer can provide an altemative (or additional) netpage data entry 
mechanism, i.e. the usual kinds of inputs, including drawing and handwriting and 
gestures, can be captured relative to the displayed page via the touch-screen instead of 
relative to the physical page via the netpage pen. 
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The viewer can provide access to dynamic content, such as audio and video, in 
the context of a physical page. Playback controls which provide access to interactive 
content are typically only shown when the page is viewed through the viewer. They may 
be shown on the printed page as well, although ideally in a form which clearly indicates 
5 that they are inactive. Status information such as playing time may also be shown on- 
screen. The imderlying page layout should provide space for the display of interactive 
controls and status information, so that the printed page and on-screen display remain 
compatible. Interactive control is not limited to playback of streaming media such as 
audio and video. It can include arbitrary interaction with a computer application. It may, 
1 0 for example, include manipulation of an object in 3D. 

i U . 
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BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a perspective view from above of an embodiment of the invention; 
Figure 2 is a perspective view from below of the Figure 1 device; 
Figure 3 is an exploded perspective view from above of the Figure 1 device; 
5 Figure 4 is a side view from the rear of the device of Figure 1 ; 
Figure 5 is a plan view from above of the Figure 1 device; 
Figure 6 is a side view from the right of the Figure 1 device; 
Figure 7 is a cross-sectional view taken along line AA of Figure 5; 

Figure 8 is a perspective view from above of the intemal components of the Figure 1 
1 0 device; 

Figure 9 is a perspective view from below of the intemal components of the Figure 1 
device; 

Figure 10 is an exploded perspective view of the underside of the PCB of the Figure 1 
device; 

1 5 Figure 1 1 is a plan view showing the Figure 1 device in use on a coded substrate in a 
first orientation; 

Figure 12 is a view from the side of the Figure 1 1 arrangement; 

Figure 13 is a plan view of the Figure 1 device in a second orientation on the substrate of 
Figure 11. 

20 Figure 14 is a plan view of the Figure 1 device viewer showing a 'lifted* view of a page; 

Figure 15 is a plan view of the Figure 1 device showing a view of a page in darkness; 

Figure 16 is a plan view of the Figure 1 device showing a *zoomed-in' view of a page; 

Figure 17 is a plan view of the Figure 1 device showing a 'zoomed-out' view of a page; 

Figure 18 is an example of a movie library page; 
25 Figure 19 is a plan view of a viewer showing a view of a playable video clip; 
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Figure 20 is a plan view of a viewer showing a snapped and lifted view of a playable 
video clip; 

Figure 21 shows an example of a music library page; 

Figure 22 shows a plan view of a viewer showing a view of playable music clip; 

5 Figure 23 shows a plan view of a viewer showing a snapped and lifted view of a playing 
audio clip; 

Figure 24 shows an example of PIN advice letter from bank; 

Figure 25 shows a viewer showing a secure view of personal data; 

Figure 26 shows an example of "fill-in" form; 

1 0 Figure 27 shows a viewer allowing form fill-in by a user; 

Figure 28 shows the "fill-in" form of figs 26 & 27 after printing on by the viewer; 

Figure 29 shows a schematic of part of the viewer's electronic components, relating to 
file dovraload and display; 

Figure 30 shows a schematic of part of the viewer's electronic components relating to 
1 5 control of the printer fimctions; 

Figure 3 1 shows a document element view; and 

Figure 32 shows the viewer interaction with a netpage network. 
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DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS 

- Referring to Figs. 1 to 10, there is shown a viewer 100. The viewer has a color- 
LCD screen 102, control buttons 186, 192 & 194, a speaker 106, volume control 108, an 
audio out jack 1 10 , a printer assembly 200 and a infrared sensing device 112, The LCD 
5 screen 102 has a touch sensitive overlay 132. 

The viewer 100 is a netpagc system enabl e d device and communicates with a ^ 

netpage system in a similar manner to that disclosedjn_Jhe..xo-pettdifi^^ 

referred to earlier ^idjiL45^ti«titSiTo"^plicatiom USSN 09/ (docket no. 

NiSQ 25LJsTan^^ 09 / (docket no. NPS027US). 

1 0 The viewer 100 has upper and lower moldings 114 and 116 respectively which 

encapsulate a PCB 118 and all of the electronic components are mounted on or 
connected to this PCB. Power for the device is supplied by a rechargeable 3 volt lithium 
ion battery 120. The battery is not user replaceable and is located within the casing. 

The PCB 118 and attached electronics is attached to the upper molding 1 14 by 
15 screws 125. The printer assembly 200 is attached to the lower molding 116 by screws 
240, which pass through the chassis 224 into bosses 242 in the lower molding 116. 

The two moldings 114 and 116 are joined together by four screws 124, which 
extend through the lower molding 1 16 to engage the upper molding 114. 

The PCB includes four electrical switches which are acted on by the push 
20 buttons. The zoom buttons 186 allows the view to be zoomed in, zoomed out, and, when 
activated simultaneously, to be reset to normal scale. The snap button allows" the nearest 
dynamic or interactive object to be snapped to the screen. It more generally allows the 
current view to be de-synchronized (or * frozen' or 'lifted') from the underlying page. 
Optional pan controls allow the view to be panned independently of the underlying page. 
25 The power button allows the viewer to be switched on and off. The volume control, in 
the form of a potentiometer, allows the volume of the viewer's audio output to be 
controlled. The audio output is used to play audio content associated with a page, and 
optionally to provide operating feedback to the user. 

A combined data and power connector 134 is connected to the PCB and is 
30 accessible via opening 136 in the casing. The connector 134 includes a power input 
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socket 138 for recharging of the battery 120 and a data socket 140 for input/output of 
data to and from the device. The connector 134 is connected to the PCB via a flexible 
PCB 142 and connectors 144 and 146. 

The speaker 106 is also connected to the PCB at its lower edge via connector 
5 148 and is positioned between the PCB and the lower edge of the casing. The speaker 
may be hard wired to the PCB rather than being provided with a removable connector. 

Digital audio generated by the viewer is converted to analog via a digital-to- 
analog converter (DAC) 173, is amplified by an amplifier 177 subject to the volume 
control 108, and is output to a speaker 106 or to an extemal audio device via an audio 
1 0 out jack 110. The speaker is disabled when the audio jack is in use. 

The volume control 108 and audio out jack 110 are mounted directly on the left 
hand side of the PCB and are accessible via openings 154 and 156 respectively in the left 
hand side of the casing. 

The battery 120 is also positioned between the PCB and the lower edge of the 
15 casing. A removable connector 150 is provided to connect the battery to the PCB. 
However, since the battery is not intended to be user replaceable, a permanent 
connection may be used. The battery is preferably shaped to fit the casing and 
accordingly has a beveled comer 1 52. 

Mounted on the lower surface of the PCB is the optical sensor device 112 
20 capable of detecting infrared markings on a substrate. The sensing device 112 comprises 
an infrared LED 160^ and an image sensor 162. In use infrared light is_ emitted from_the. 
LED 160 and passed through an optical guide 164 and then through an aperture 166 in 
the lower molding. Reflected light passes through the aperture 166, the optical molding 
164 and is focused onto the CCD 162. The optical molding preferably includes a lens 
25 168 and may include a beam splitter/combiner to allow light from and to the LED and 
the CCD to follow the same path. The LED 160 may be strobed in synchrony with image 
capture to prevent motion-blurring of captured tag images. The image sensor 162 
typically consists of a 200x200 pixel CCD or CMOS image sensor with a near-infrared 
bandpass filter. 
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The PCB also includes a processor chip 170, DRAM 172, flash ROM 174, a 
display controller 270 for controlling the LCD, a transceiver chip 178 and an aerial 180. 

In order to display video, the color display 102 usefully has a 4:3 aspect ratio, 
although with the advent of DVD and digital broadcasting, digital video content with 
5 wide screen aspect ratios of 16:9 and wider are becoming more prevalent. The aspect 
ratio used is not critical. The minimum useful resolution is preferably SIF resolution, 
which has a square-pixel equivalent of 320x240 pixels. In order to display text, the 
display preferably has a pitch of at least 100 pixels per inch, giving a maximum diagonal 
display size of four inches. Larger displays with correspondingly more pixels provide 
1 0 obvious benefits, although with the added expense of a larger form factor and greater 
processing and communications bandwidth requirements. 

The display ideally mimics the optical properties of the underlying paper, i.e. 
the paper's high reflectivity, high contrast, and Lambertian reflectance function. 
Although the display may be a conventional back-lit color LCD, such as an active-matrix 
15 twisted-nematic (TN) color LCD, it is more usefully a reflective display, such as a 
passive-matrix cholesteric color LCD from Kent Displays Inc, an electrophoretic display 
from E Ink Corporation, or a rotating ball display from Xerox Corporation, Inc. It may 
also be a low cost organic LED (OLED) display. 

Display output generated by the viewer is routed to the display 102 via the 
20 display controller 270. Assuming a 320x240 RGB pixel display, the display controller 
270 has an associated or embedded 0.25 Mbyte single-buffered or 0.5 Mbyte double- 
buffered display memory 181. 

A dedicated compressed video and audio decoder 171 which produces square- 
pixel progressive-scan digital video and digital audio output is also provided. To handle 

25 MPEG-1 encoded video and audio, a video and audio decoder similar to a C-Cube 
CL680 decoder may be used. To handle MPEG-2 encoded video and audio, a video and 
audio decoder similar to C-Cube's ZiVA-3 decoder may be used. An MPEG-1 decoder 
typically uses a 4 Mbit DRAM during decoding, while an MPEG-2 decoder typically 
uses a 16 Mbit SRAM during decoding. The decoder memory 179 may be dedicated to 

30 the decoder, or may be part of a memory 172 shared with the processor. 
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The processor 175 controls and coordinates the various electronic components 
of the viewer. The processor executes software which monitors, via the sensor(s) 112, 
the identity of the imderlying page and the position of the viewer relative to the page; 
communicates the identity and position data to a netpage base station via the wireless 
5 transceiver 183,178; receives identity- and position-related page data from the base 
station via the transceiver; renders user output to the color display 102 and audio output; 
and interprets user input captured via the user interface buttons 104 and the screen's 
touch sensor 132. The embedded software executed by the processor is stored in the non- 
volatile memory 174, which is typically a ROM and/or flash memory. Identity 
1 0 information unique to the viewer, as well as commimications encryption keys, are also 
stored in non-volatile memory. Dxiring execution the processor utilizes faster volatile 
memory, typically in the form of a 256 Mbit (32 Mbyte) dynamic RAM (DRAM) 172. 

The processor 175 conununicates with the other components via a shared bus 
280. The processor 175, the bus 280, and any number of other components may be 

15 integrated into a single chip. As indicated in Fig. 28 the integrated components may 
include the digital transceiver controller 183, the video decoder interface 187 and the tag 
image sensor interface 185. If a fingerprint sensor 189 is provided a fingerprint sensor 
interface 191 may be incorporated in the integrated components. In a more highly 
integrated chip, the integrated components may also include the display controller 270, 

20 the image sensor 112, the compressed video and audio decoder 171, the audio digital-to- 
analog converter (DAC) 173 and the memory 172. The analog radio transceiver 178 is 
unlikely to be integrated in the same chip, but may be integrated in the same package. A 
parallel interface 193 links the buttons 104, touch sensor 132 and the LED 160 to the bus 
280. 

25 The processor 175 is sufficiently powerful to render page content at interactive 

rates, i.e. at least 10 Hz, and to transform video decompressed by the video decoder and 
merge it with other page content. If it is sufficiently powerfiil, then it may also perform 
video and audio decoding, obviating the need for a video and audio decoder. 

The transceiver 178 is typically a short-range radio transceiver. It may support 
30 any of a number of wireless transmission standards, including Bluetooth/IEEE 802.15, 
IEEE 802.11, HomeRF/SWAP, HIPERLAN, and OpenAir. Bluetooth/IEEE 802.15, 
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lEEE 802.1 1-1997, HIPERLAN, OpenAir, and HomeRF/SWAP all support transmission 
rates in the range of 1 to 2 Mbit/s. IEEE 802.11b supports transmission rates of 5.5 
Mbit/s and llMbit/s. HIPERLAN also supports a transmission rate of 24Mbit/s in an 
altemative mode. Beyond these currently-supported wireless LAN (WLAN) standards, 
5 next-generation WLAN standards promise to support transmission rates of 100 Mbit/s 
and higher. 

The viewer may altematively be connected to the a base station by cable, or 
may utilize a non-radio-frequency wireless transport, such as infrared. IEEE 802.11, for 
example, optionally utilizes an infrared transport. IrDA also utilizes an infrared 
1 0 transport. 

The lower surface of the lower casing 16 is provided with four outer feet 182 
and four inner feet 184. The outer feet are located near the comers of the device whilst 
the inner feet 184 are located at the comers of a square centered on the lens 168. 

All eight feet extend the same distance and enable the device to be placed on a 
1 5 planar surface with a small gap between the surface and the general plane of the lower 
molding. The feet have a roxmded contact surface and this aids in sliding the device 
across the surface. The inner feet 184 ensure that if one or more of the outer feet 182 are 
not supported the device does not tip relative to the surface. They also aid in keeping the 
surface flat near the sensing device 112. 

20 Th e sen s or device 112 i s infrar ed- s e nsi l ive. The CCD ioz is sensinvfi.^ 

infrared light, either inherently or by use of filters and the LED 160egaitsdJi^ared light, 
again inherently or by use of filters. The lens 168 is focuggd^jfime plane of the inner and 
outer feet 182 and 184, as this is where a^jubstfate to be sensed will be located. The 
sensor device is capable of detectj^ginfrared absorptive tags, such as netpage tags. For a 

25 fiill description of thp^^jSfocesses involved, reference is made to our co-pending 

applicationLiSSff09/ (docket no. NPS027US) referred to earlier. The CCD 

162^Jlci€LED 160 and processing ftinctions incorporated in the processor chip 170 are 
>' !u ii uilai ' l u ll i u a c disclo sed in xh €::^g=piaid mg ^ ^jplication^ * 

The device is thus capable of sensing and decoding netpage tags on a substrate. 
30 Image data captured by the CCD 162 is sent to the processor chip 170 and decoded to a 
region ID (or page ID) and a tag ID. The region ID and tag ED, together with other 
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necessary information, is transmitted to the netpage system via the transceiver chip 
183,178. The netpage system resolves the region ID and tag ED to corresponding 
document data which it transmits back to the device. The processor receives the 
document data via the transceiver, and renders the data for display on the color display 
5 1 02 via the display controller 270. 

The LCD screen 102 is overlaid with a touch sensitive overlay 132. When 
viewing information via the LCD screen, the screen will include controls to enable the 
user to control the device by touching the screen with a non-marking stylus. 

The viewer 100 also includes a printer assembly, generally indicated by 200, 
1 0 which is located in the body of the viewer. 

The print assembly 200 includes a printhead assembly 202 and an ink cartridge 
204 connected together by a hose assembly 206. The printhead assembly 202 includes a 
printhead 203. The lower molding 116 has an ink cartridge compartment 208 to enable 
user replacement of the ink cartridge 204. The compartment 208 is accessed via cover 
15 210. The hose assembly 206 includes a connector 212 for connecting to the ink 
cartridge. 

,JQie 4)rint a ss embly 200 is prcfcrablyan inkjct type - printer and more preferably 

a full-color inkjet. Accordingly the ink cartridge 204 includes muljiple--fliksr^ln the 
preferred embodiment the print assembly is a fuU-cgloF-CMYor CMYK printer and the 
20 ink cartridge 204 includes three orfpur'Separate ink chambers 252. Whilst any inkjet 
printhead may be usgdr-iiiore preferably the printhead is a microelectromechanical 
system J^IEMS) type printhead (Memjet), such as that disclosed in oxir co-pending 
Plication USSN 09/575,1 1 1 (docket no. IJ52US). _ 

A Memjet printhead provides a combination of printhead width, compactness, 
25 low power consumption, and low cost which makes it uniquely suitably for integration in 
the printing viewer. Although a Memjet printhead provides 1600 dpi resolution, a 
printing viewer may get by with less. If the printing viewer is sufficiently small, then an 
area printhead can be used rather than a scaiming printhead. 

The printhead assembly 202 extends across at least the full width of the LCD 
30 screen 102 and prints by moving upwards or downwards. The printhead assembly 202 is 
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movmted on a continuous elastomeric belt 214 which runs around rollers 216 and 218 
located at the top and bottom of the screen. The lower roller 216 is driven by a DC 
stepper motor 286 via a worm gear 222. The two rollers are mounted on a printer 
chassis 224. Mounted on each side of the chassis 224 are transverse rods 226. The 
5 printhead assembly 202 is mounted on these rods 226 and these rods maintain the 
printhead in the correct position; the belt 214 merely causes the printhead assembly 202 
to move backwards and forwards along the rods 226. 

The lower molding 1 16 is provided with a rectangular aperture 250 and a metal 
base plate 236 is attached to the imderside of the molding 116. The base plate 236 has a 
1 0 rectangular aperture 252 sized so that the printhead assembly 202 is not exposed when at 
either extreme of its travel. The base plate is preferably attached to the lower molding 
1 16 by an adhesive. 

Ti^o np^rg^tir^r^ pf prin t H ^ ^ rmM y ^ Q ? \ i m n trnllrd by ii <1f"Hi<'{i l nl p ri n i 

engine/controller (PEC) chip 281 located on the PCB 118. An example of a suitablp'^^EC 
15 is described in our co-pending application USSN 09/575,108 (docket nOj^^ECOlUS). 
The PEC chip 281 generates bi-level dot data for the printhead in reaprme and otherwise 
controls the operation of the printhead. Commxmication with fljiB'pinthead assembly 202 
is via a flexible PCB 228 which engages the PCB 118 vi^-<5mmector 230. The DC motor 
286 is connected to the PCB via a flexible PCB 23>r 

20 A master QA chip 282 , for exan^ie as described in our co-pending application 

USSN 09/113,223 (docket no. Authpfi^Tis provided which the PEC uses to authenticate 
an identical QA chip 283 emjtedded in the replaceable color ink cartridge 204. A raster 
image processor (RIP) 1>SP 284 may be used for rendering print data at high speed. 
Depending on the d^ired print quality and speed and the performance of the processor, 

25 the RIP DSP^iriay be omitted with the processor performing rasterization. Depending on 
the need/fo accurately control ink quality and to monitor consumption, and on the 
avaUftoility of alternate mechanisms for detecting ink depletion, the inclusion of the QA 
>amps- may not be needed : 

Referring to figure 29, the processor 175 typically communicates with PEC 281 
30 via a serial bus 285. The serial bus 285 may be high-speed or low-speed depending on 
the desired print quality and speed. The processor 175 controls the stepper motor 286 
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which moves the printhead assembly 202 via the parallel interface 193. 

. The elastomeric belt 214 and the printhead.assembly„202 , extend acr 

v^idth of the screen 102 and by necessity obscure the sensor 112 as the printhead 
assembly moves between the rollers 216 and 218. The belt 214 is provided with two 
5 pairs of circular apertures 232 and 234. The first pair 232 align when the printhead 
assembly 202 is adjacent the drive roller 216. The second pair 234 align when the 
printhead assembly 202 is adjacent the drive roller 218. When the apertures align the 
sensor 112 may sense coded data on a substrate below the viewer. When the apertures 
232 and 234 do not align the sensor 112 cannot sense any data on the substrate. 

1 0 The viewer may be designed so that the code sensor has a view of the surface 

during printing. The code sensor itself can then be used to detect movement. Movement 
detected in this way can be used to terminate printing. It can also be used to modify the 
print data in real time so that the print data is properly registered with the xmderlying 
page at all times. Multiple code sensors may be used if located around the periphery of 

1 5 the viewer. 

An accelerometer may be included in the viewer to detect movement of the 
viewer during printing. If movement is detected, then printing can be inunediately 
terminated. 

Usage 

20 Referring to figures 11 and 12, in use the device 100 is placed on a substrate 

~ ^ 200 having netpage tags 202~tiled^ over its" surface. The substrate 200 may be paper, ' 
electronic paper such as used by E Ink Corporation, a plastic sheet or any other suitable 
substrate. As seen in Figure 12 the sensor device 112 senses one or more of the tags 202, 
decodes the coded information and transmits this decoded information to the netpage 

25 system. In figure 11 the substrate carries human readable text 204 and so is readable 
without the device 100. 

The device may be used with a surface which only carries netpage tags and so 
appears as a blank document to a user without an authorized viewer. As discussed in our 
earlier applications, each tag incorporates data which identifies the page it is on and its 
30 location within the page. The netpage system is thus capable of determining the location 
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of the viewer 100 and so can extract information corresponding to that position. When 
displaying static images or text the displayed information usually corresponds to the 
human discemable text or other markings 204 on the substrate. Additionally the tags 
include information which enables the device and/or system to derive an orientation of 
5 the device relative to the page from the tags. This enables the information displayed to be 
rotated relative to the device to match the orientation of the text 204. Thus information 
206 displayed by the viewer appears to be what is on the page in the corresponding 
position under the viewer. 

When the viewer first comes into contact with a new page, it downloads the 
10 corresponding page description from the relevant page server. It then renders the 
viewer's view according to the current view transform, i.e. according to the viewer's 
current zoom setting and its position and rotation relative to the underlying page. 
Whenever the view transform changes, i.e. because the user moves the viewer or changes 
the viewer's zoom setting, the viewer re-renders the view according to the new view 
1 5 transform. For the purposes of the following discussion, the size of the viewer's window 
onto the page is also assumed to be part of the view transform. 

Whenever the view transform changes, the viewer transmits the view transform 
to the netpage page server responsible for the imderlying page. This allows the page 
server to commence streaming dynamic objects which have come into view and to cease 
20 streaming dynamic objects which are no longer in view. It also allows the page server to 
provide the viewer with static objects, such as images, at a suitable resolution. 

As the device is moved the sensor device 1 12 images the same or different tags, 
which enables the device 100 and/or system to update the device's relative position on 
the page and to scroll the LCD display as the device moves. The position of the viewer 

25 relative to the page can easily be determined from the image of a single tag; as the 
viewer moves the image of the tag changes and from this change in image the position 
relative to the tag can be determined. The system "knows" the absolute position of the 
tag on the page from its tag ID and so the absolute position of the viewer on the page 
may be derived. The viewer senses tags, and thereby its time-varying position relative to 

30 the substrate, and sufficiently frequently that movement of the viewer results in a 
smooth, as opposed to a jerky, scrolling of the display. 
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The information 206 displayed in the viewer is preferably aligned with the text 
204 on the page 200, so that it appears as if the viewer 100 is transparent. Thus the 
orientation of the viewer 100 does not alter the orientation of the displayed information 
206, as seen in Fig, 13. 

5 However, as seen in Fig. 14, the text 206 displayed on the LCD screen 102 

need not remain aligned with the physical text but may remain aligned with the viewer 
100. The user may use the 'snap' button 192 to instruct the viewer to display text aligned 
with the viewer, not the page text 204. 

The viewer 100, if provided with backlighting of the LCD 132, is capable of 
10 displaying information in the dark. Fig. 15 shows a page 200 with a viewer 100 
displaying information 206 corresponding to information on the page which is not 
visible due to lack of ambient light. 

Whilst the information 206 shown on the LCD 102 is similar to the printed 
information 204, it need not be identical. The left hand control button 186 is a rocker 

15 type device. When pressed on the left, the button activates switch 188 and when pushed 
on the right the button activates switch 190. Pushing down centrally or equally on the left 
and right activates both switches 188 and 190. Pressing on the left switch 186 causes the 
display to zoom in whilst pressing on the right causes the display to zoom out. Pressing 
centrally resets the display to the device default, which may be a 1 to 1 ratio. Fig. 16 

20 shows a viewer 100 displaying "zoomed-in" text 206 whilst Fig. 17 shows "zoomed-out" 
text 206, both being of text 204 on a page 200. 

The device is not limited to simply reproducing the text printed on a page. 
Because the printed text is associated with one or more electronic documents in the 
netpage system, the device can provide more than just the text to the user. Where a 

25 document has references, such as footnotes or hyperlinks, these references may be shown 
on screen. The user may then view those references by touching the reference on screen. 
This is picked up by the touch screen overlay 132 and the appropriate information 
displayed, either in a new window or as an overlay on the existing text. This information 
may be displayed for a set period, after which the display reverts to its original display. 

30 The system may also cause additional information to be shown on the LCD screen 
automatically. Where the page is mainly text the device 100 may be set to a read mode 



NPS018US 



- 19- 

whereby as the user reads the page the text is recited and output via speaker 106. This 
would be of benefit to people learning to read, such as children or those learning a 
foreign language. Using a stylus and the touch screen the user indicates where they are 
reading and the corresponding text is spoken by the machine. Pronunciation of a word or 
^ ■rtVvrQc^* tnciA/ r*-rQr»fir**»/i \\'\r ■r*a-rk<»o<'*»r?i'\7 drawing the stj'ius Gvsr the relevant text 

The text displayed need not be the same language as the text on the paper. The 
device may be set to display a single language, when possible. Thus if a netpage 
document exists in both English and Italian, for example, the device could be set to 
display the Italian text even though the printed document is in English! Where a 
1 0 document only exists in one language, the system may be configured to either display the 
document in that language or nothing except a message to the effect that document is not 
available in the desired language. 

If desired the device may be set to an "automatic recital" mode in which the 
screen automatically scrolls through the entire document, with or without a 
15 corresponding aural recital. An aural recital may also occur without a corresponding 
display of text. The speed of playback may be controlled by the user. Since each tag 202 
on the page identifies the document the device merely needs to sense one tag on the page 
for those features to be activated. 

Depending on the document size and device memory, an entire document may 
20 be downloaded to the device or "chunks" of data may be downloaded as required or as 
expected to be required. A simple text docimient, even of many pages, is relatively small 
and may be" buffered in its'entirety~withbiit needing extra memory; the device is capable 
of playing video, as will be discussed later, and the buffer needed to accommodate 
variations in data reception for video display is more than sufficient to accommodate 
25 most text documents. Where an entire document is downloaded, preferably the download 
is configured to initially send data corresponding to the location of the viewer on the 
page. 

When viewing text or static images the device may have two modes. The first 
mode, described above, maintains a correlation between the information displayed on the 
30 LCD screen and the position of the device to the substrate. In the second mode, the 
device may be moved without affecting the display; the scrolling and autoplay feature 
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discussed above being a subject of this feature. To set the device to the second mode the 
user may press the 'snap' button 192. Once in the second mode movement of the device 
across the paper does not automatically affect the information displayed. The 
information displayed continues to correspond to the location when the viewer was 

controlled by the user. A document will continue to be displayed or be accessible until 
the device is placed on a different netpage encoded substrate, at which point the device 
may normally revert to its first mode. Altematively, the user must explicitly revert to the 
first mode by pressing the 'snap' button again. 

10 Figs. 18, 19 and 20 provide an example of the interaction of the viewer with a 

video clip. Fig. 18 shows a sample 'movie library' page 210 containing multiple video 
clip icons 212. Again the page is tiled with netpage tags, not shown. Fig. 19 shows the 
view the viewer provides of a video clip icon, which includes playback controls 214, 
which may be activated via the viewer's touch-screen, and the playing time. The screen- 

15 displayed information 214,216 remains fixed relative to the displayed text 218 as the 
viewer moves. Fig. 20 shows the view the viewer shows once the nearest video clip is 
'snapped' to the screen, i.e. with the video clip filling the screen, ready to be played. As 
seen, all of the playback controls and playing time are displayed when the view is 
snapped. The user snaps the nearest interactive or dynamic object to the centre of the 

20 screen by pressing the viewer's snap button. Altematively or additionally, an interactive 
object may snap to the screen automatically when activated, e.g. when played in the case 
of a video clip. In the example, status information and controls are superimposed on the 
video clip to maximize the video clip's use of the screen. The viewer 100 typically 
suppresses the display of the status information 216 and playback controls 214 once the 

25 clip is playing, either until the clip terminates or until the user initiates fiirther interaction 
by touching the touch-screen 132. The playing time is preferably displayed in xmits of 
hours, minutes and seconds, and is preceded by a current chapter number if the clip has 
multiple chapters. The playback controls 214 include stop, play, pause, skip backwards 
and skip forwards. When the clip is stopped or paused, a play button is shown. When the 

30 clip is playing, a pause button is shown in place of the play button. The skip controls 
skip to the start/end of the current chapter, or, if already at the start/end, to the start of the 
previous/next chapter. If held, rather than pressed momentarily, the skip controls scan 
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backwards/forwards through the clip, i.e. they play the clip at a greater than normal rate 
backwards/forwards. 

As an alternative to on-screen controls, the viewer may provide dedicated 
playback control buttons which control whichever dynamic object is current. It may also 
5 provide a dedicated display, such as a monochrome segment LCD, for the display of 
chapter (or track) information and playing time. 

The viewer streams dynamic objects such as video clips from any number of 
servers via the current netpage base station. The viewer is optimized to only stream 
objects which are currently visible on the viewer's screen. When an object ceases to be 
1 0 displayed, it may be configured to automatically pause, or it may continue to 'play' on 
the server, without consuming commimications bandwidth, so that when it is once again 
y J displayed its playback has progressed in time as expected by the user. 

]jt Figs. 21, 22 and 23 provide an example of the interaction of the viewer 100 

with an audio clip. Fig. 21 shows a sample 'music library' page 220 containing multiple 
15 audio clip entries 224. The entries may be grouped imder a title 222. Fig. 22 shows the 

f view the viewer provides of a set of audio clip entries 224, which includes an indication 

of a 'current' audio clip entry with an associated play button 226 which may be activated 

j 5 via the viewer's touch-screen. The current entry is preferably simply the entry closest to 

the center of the screen and so changes as the viewer is moved, unless a clip is playing. If 
20 no entry is sufficiently close, then no entry is current. Fig. 23 shows the view the viewer 
provides once the nearest audio clip is snapped to the screen or selected, i.e. with clip- 
related information filling the screen. Note that' as illustrated in the example, a snapped 
view can be quite different from any view directly derivable from the page itself. 

As described above, when the viewer is lifted from the page the portion of the 
25 page with which the viewer was last in contact remains displayed and interactive. It may 
also be advantageous for the user to be able to 'freeze' the current view so that the 
viewer no longer synchronizes the view with the underlying page. When the user snaps 
the nearest interactive or dynamic object to the screen the view is effectively frozen. 
When the user presses the snap button again, the viewer once again synchronizes the 
30 view with the underlying page. When there is no interactive or dynamic object to be 
snapped, the viewer may still interpret the snap as a freeze command, but may do no 
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more than rotate the current view so that it is oriented the right way up, i.e. so that the 
axes of the screen and of the displayed page are aligned. The snap button may therefore 
be used as a freeze button, but as an alternatively the viewer may provide a freeze button 
separate from the snap button. 

5 The viewer may provide a mode wherein the axes of the screen and of the 

displayed page are always kept aligned even though the viewer is otherwise 
synchronizing the view with the imderlying page, i.e. the viewer synchronizes the view 
according to the position and identity of the underlying page, but not according to the 
rotation of the underlying page relative to the viewer. This mode has the advantage that 

10 the displayed view always looks sensible to the user operating the viewer. It has the 
fiirther advantage that rotation is never allowed to degrade the quality of the displayed 
image of the page. If rotation is never respected by the viewer, then the viewer is also 
freed from ever having to compute a rotated page image. As a compromise, the viewer 
may respect the nearest multiple of ninety degrees to its actual rotation relative to the 

1 5 page. 

Figs. 24 and 25 provide an example of the interaction of the viewer with 
'secure' data requiring authorized access. Fig. 24 shows an example personal 
identification number (PIN) advice letter 230 from a bank. Both the accovint number 232 
and PIN 234 are suppressed on the printed page, i.e. printed as a series of X's. Figure 14 

20 shows the view the viewer provides of the PIN advice letter. The view shows the actual 
account number 236 and PIN 238, on the basis that the netpage system has verified that 
" the user of the viewer is the ovmer of the data. The advice letter is recorded on a netpage 
registration server as being owned by a particular user, i.e. by the user to whom the letter 
was originally addressed. The viewer is recorded as owned by the same user. The 

25 identity of the actual user is optionally verified with respect to the identity of the owner 
of the viewer by verifying the fingerprint of the actual viewer against the fingerprint of 
the owner. The fingerprint, or some other biometric, is recorded by the registration server 
for the owner. The viewer may incorporate a fingerprint sensor 189 for the pxirposes of 
fingerprint capture. Providing a biometric such as a fingerprint or signature to the viewer 

30 may place the viewer in a 'secure' mode wherein secure information is accessible for a 
period of time. An indicator, such as a lit LED, may indicate this mode to the user. 
Altematively, secure access is only granted while the user's biometric is being sensed. In 
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the example, the actual account number and PIN is then only shown while the user's 
finger is in contact with the fingerprint sensor. 

Figs. 26 and 27 provide an example of the interaction of the viewer with a fill- 
in form 240. The form has a number of fill-in fields 242. Fig, 26 shows an example 
5 form. Fig. 27 shows the view the viewer provides of the form. The stylus 244 can be 
used to fill in the fields of the form via the touch-screen. The example shows the form 
240 being filled in by hand, pending handwriting recognition according to normal 
netpage mechanisms. 

Netpage input, in the form of digital ink, is labeled to indicate how it was 
10 captured, i.e. through a netpage pen interacting with a printed netpage, or through a 
stylus interacting with the. touch-sensitive screen of a viewer. The digital ink is also 
labeled with any change in the authorization state of the viewer, e.g. with respect to the 
presence of the user's finger on the viewer's fingerprint sensor. This allows the page 
server, when interpreting netpage input in relation to the corresponding page description, 
15 to ignore document elements not visible to the user when the input was captured. 

Digital ink generated through a viewer is otherwise suitably transformed to 
look like it came fi-om a netpage pen interacting with the underlying page, i.e. the digital 
ink is labeled with the page ID of the underlying page, and the coordinates of position 
samples in the digital ink are transformed firom the coordinate system of the viewer into 
20 the coordinate system of the underlying page, according to the view transform cxirrent 
when the position sample was captured. As an altemative, the viewer may provide an 
insertion point specifiable via the stylus, an associated text cursor, and text entry via an 
on-screen keyboard or via character-wise character entry and recognition, in the manner 
of current personal digital assistants (PDAs). 

25 The printer is most usefiil in filling out forms such as that displayed in Figures 

26 and 27. The users uses the stylus 244 to "write" information onto the display, as 
shown in Figure 28. The display is updated to reflect the digital ink captured by the 
viewer. 

Referring to Figure 33, the print assembly is controlled to print ink 260 in the 
30 fill-in fields of the form 240 to correspond to the digital ink captured by the touch screen. 
Thus at the end of the process an electronic version and a hard copy version of the 
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completed form exist. Printing of the ink 260 may occur as the user fills in each text box 
or it may occur after completion of the form. Printing after completion enables mistakes 
or alterations to be made before conamitting to paper but may require the user to move 
the viewer across the page to enable printing of all information. Printing as the user fills 

c 4.i,« 4-u ^ j 4.^ ,^ 4.1 j : 4.^ — „'*,4. 4.: t_t 1 

erasable marking system such as E-ink is used, all mistakes and alterations are printed to 
the page. 

The printer assembly 200 may be used to physically transfers onto the 
underlying page any virtual markings made by the user via the viewer touch-screen. 
1 0 Virtual strokes can be faithfiiUy reproduced, including colors, textures, line widths, and 
even subtle bmshing effects such as produced by striated brushes and airbrushes. The 
virtual marking mode of the stylus on the screen can be completely controlled in a 
position-dependent manner by the active application(s), i.e. as one expects in any 
graphical user interface. 

15 In the limit case, a user interacts with Netpages exclusively via the Netpage 

printing viewer, eliminating the need for a Netpage Pen. 

The printing viewer is designed to print when stationary with respect to the 
underlying page. Because the printhead 203 is screen-width, it can transfer the entire 
contents of the screen 102 onto the underlying page in a single pass. When not printing, 

20 the printhead assembly 202 is parked in a recess to prevent accidental damage. To 
conserve power, the printhead assembly 202 can be parked at the top or bottom of the 
screen 102, and the printhead 203 can print when moving in either direction. To prevent 
user access to the cavity in which the printhead assembly moves, the assembly is 
integrated into a screen-width belt which also acts as the carriage transport. The belt 

25 obscures the viewer's code sensor during printing, but contains pairs of matching holes 
which line up when the printhead is parked, providing the code sensor with a view of the 
surface. Two pairs of holes are provided, corresponding to the two parking positions. 

Handwritten text can be transferred to the underlying page before or after it is 
recognized by the Netpage system and converted to computer text. If transferred after 
30 conversion, the viewer can transfer the computer text to the underlying page in place of 
the handwritten text. Similarly, a signature can be transferred to the page before or after 
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it is used by the Netpage system to verify the identity of the user. If transferred after 
verification, the viewer can transfer a verification icon and/or a serial number in place of 
the signature. 

The Netpage printing viewer can also be used to paste information onto a page, 
5 including images and text. The user may take a photo with a camera and paste it into an 
image field requiring the photo. The printing viewer links the photo to the image field 
and faithfully transfers the photo to the page, registered with the image field. If the 
viewer only partially overlaps the field, then only the portion of the field accessible to 
the viewer is printed with the photo. When the user moves the viewer across the field the 
1 0 viewer prints additional parts of the field. The viewer may prompt the user to move the 
viewer to cover un-printed portions of the field. Any im-printed portions of the image are 
recorded as pending output against the page instance maintained by the relevant Netpage 
page server. If a viewer comes into contact with the image field at a fiiture time then any 
im-printed portions can be printed. 

15 If the user pastes an image into a viewer-displayed image field when the viewer 

is not in contact with the page, then the entire image is recorded as pending output. 

The printing viewer may incorporate a digital camera. Once the user takes a 
photo, it may "float" on the display as an icon imtil the user explicitly pastes it in an 
image field. The viewer may provide dedicated buttons for browsing, viewing, editing 
20 and deleting a collection of photos stored in the viewer. The viewer may also support 
removable storage, e.g. via a memory card socket, for storage of photos. 

The user may also paste information which is known to the viewer or to the 
Netpage system, such as contact details, into a Netpage form which is not otherwise 
linked to the user. 

25 The viewer may altematively or additionally contain a mobile telephone 

transceiver for longer-range communication with a netpage server via a mobile telephone 
network. If the transceiver supports a third-generation 'always-on' packet-switched 
connection, then the viewer may download or stream page content at will. If the 
transceiver only supports a circuit-switched connection, then the viewer may choose to 

30 connect and dovmload a fiiU page description whenever it encounters a new page, 
provide local navigation of the page via the downloaded page description, and only make 
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further connections when dynamic content needs to be displayed or when hyperlinks are 
activated. 

If the viewer incorporates a longer-range transceiver, then it may act as a 
netpage base station for wireless netpage pens and other netpage sensing devices. 

5 When used to interrogate secxire data, the viewer may incorporate a fingerprint 

sensor, such as the Vericom FPS200, to allow it to continuously monitor and verify the 
identity of the user. The processor typically interrogates the fingerprint sensor via a serial 
interface. 

The viewer may incorporate several levels of power management. After a 
10 period of inactivity the viewer may inactivate the display. After a longer period of 
inactivity the processor may enter a power-conserving quiescent state. Power 
management may be coupled with the image sensor and/or the touch sensor, allowing 
wake-up on screen interaction or movement. The viewer may also incorporate an 
accelerometer for this purpose. 

15 The viewer may be configured with software allowing it to fimction as a 

personal digital assistant (PDA). The components and functions of the viewer may also 
be incorporated into a mobile phone. 

The viewer handles a variety of page content, including styled text, outline 
graphics, bitmapped images, audio, and video. While audio and video are by their nature 
20 dynamic (i.e. time-varying), text, graphics and images are normally static. They may, 

however, he part of a dynamic stream representing the output of an . interactive - ^ 
application, executing remotely or within the viewer. A local application may be defined 
by a script object which is interpreted by the viewer, e.g. coded in Java or similar. 

Page content falls into three categories: (1) static elements which appear on the 
25 printed page; (2) static elements which only appear through the viewer; and (3) dynamic 
elements which only appear through the viewer. The first category includes all the visual 
elements of the page. The second category includes, for example, elements associated 
with controls for dynamic content, e.g. playback controls for a video clip, and elements 
associated with secure information. The third category includes anything of a dynamic 
30 nature, e.g. a video clip. A dynamic element may have a static coimterpart in the page 
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description so that it has a meaningful visual appearance on the printed page. A video 
clip, for example, may be represented by a rectangle of the appropriate size showing the 
title of the clip. 

Document elements in the second and third categories have associated view 
filters 245 which restrict their appearance. The 'viewer view' 246 filter restricts the 
element to appearing through a viewer. The 'secure view' 247 filter restricts the element 
to appearing through an authorized viewer. The view filter class diagram is shown in Fig. 
31. 

A digital ink stream is generated with a maximum data rate of about 5 Kbit/s. 
The viewer generates a view transform stream with a similar maximum data rate. The 
viewer therefore generates wireless commxmications traffic to the base station with a 
maximum data rate of about 10 Kbit/s, which is negligible. 

To minimize wireless conmiunications traffic fi^om the base station to the 
viewer, it may be mandated that only one dynamic object can be active at a time. Even 
though more than one object may be visible through the yiewer, the page server may 
deactivate all but one such object. It may, for example, only leave the dynamic object 
closest to the center of the viewer's display active. The user may be able to explicitly 
activate an alternative dynamic object by clicking on it with the stylus, or the user may 
be required to explicitly activate any dynamic object, thus implicitly deactivating any 
cxxrrently active object. 

Where a dynamic object represents an application window, the page server 
typically relays to the application any changes to the viewer's view transform which 
relate to the application window. This allows the application to generate output when the 
window is visible, and to tailor the output to the actual overlap between the window and 
25 the viewer's view. The output fi-om the application may be in the form of a video stream, 
or it may be in the form of a stream of graphics commands operating on text, graphics 
and images. 

It is possible to display output fi-om a remote application through the viewer, 
and capture stylus input through the viewer and route it to the remote application, 
30 without the application having to be explicitly designed for interaction with the viewer. 
Applications typically interact with user interface devices such as bitmapped displays, 
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keyboards and pointing devices in a device-independent manner by utilizing the services 
of a windowing system, and this allows the user interface devices to be remote from the 
applications without changing how the applications interact with them. 

As an altemative to rendering the view on demand, the viewer may render the 
5 entire page into a memory buffer and then simply display a suitably transformed window 
into the buffer. However, since the rotation of relatively low-resolution text produces 
imacceptable text quality, the page must either be rendered at a higher resolution than the 
display resolution and appropriately lowpass filtered before display, or the display 
resolution must be higher than assumed so far. 

1 0 As a further altemative, the viewer may rely on the page server or the base 

station to render the page and supply it to the viewer, typically in compressed form. In 
this case the viewer is still responsible for integrating dynamic streams with the static 
page view. 

As yet another altemative, the viewer may rely on the page server or the base 
15 station to render the current view and supply it to the viewer, typically in compressed 
form. In this case the viewer need contain no support whatsoever for interpreting and 
rendering the variety of elements which may comprise a page description. Assuming a 
320x240 RGB pixel display, a 10 Hz update rate, and 10:1 compression, this requires a 
data rate of about 1.8 Mbit/s, which is within the realms of practicality using currently- 
20 available personal-area, local-area and wide-area wireless networking technologies as 
discussed above. 

Fig. 32 illustrates the interaction between the netpage viewer 100 and the 
netpage network. The viewer's time-varying view transform, as well as digital ink 
captured via the viewer, are transmitted (at A) to a netpage base station 290. The base 

25 station 290 relays (at B) the view transform and digital ink to the page server 291 which 
holds the electronic description of the physical page with which the viewer is interacting 
as identified by the page ID embedded in the tags of the page. The page server 291 
interprets the view transform and digital ink with respect to the page, and initially 
responds (at C) with the page description. It subsequently transmits (at C) dynamic 

30 object updates and streaming dynamic content. The base station relays (at D) data from 
the page server to the viewer. 
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The page server may notify (at E) an application 292 that the viewer's view 
onto a window associated with the application has changed, and the application 292 may 
respond (at F) with commands instructing the viewer 100 to update parts of its current 
view. The page server 291 relays (at C) these commands to the base station 290, which 
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Whilst the display of the preferred embodiment is visual, a Braille viewer may 
be made according to the invention. A Braille viewer is analogous to the optical viewer. 
It displays in registered fashion and via a tactile Braille display the text of a netpage. It 
also displays text labels corresponding to graphics and images, where available in the 
1 0 page description. Because Braille characters are typically rendered at larger sizes than 
visually-recognized characters, the Braille viewer typically presents a zoomed view of 
the underlying page. This means that as the viewer is moved over the page, the display 
moves correspondingly faster. 

In other embodiments the viewer can be transparent when it is not in contact 
1 5 with a page, so that while it is being placed on a page, the page is seen through the 
viewer. This can be implemented using a LCD shutter which is reflective when opaque, 
positioned behind a transmissive color display. However, the netpage viewer design is 
simplified if the viewer is always opaque, and only ever virtually transparent. 

Whilst the invention has been described with reference to the netpage system 
20 which uses invisible tags, the invention is not limited to the netpage system or the use of 
invisible tags. If desired, the invention may utilize tags or codes which are visible to the 
average unaided human eye, such as bar codes. The tags need noFmerely encode an 
identity which is then used to look up the relevant files. The tags may encode 
instructions at a higher level. For example a tag may encode an instruction of "play 
25 chapter 99". If invisible tags are used they need not be limited to the tags disclosed in 
relation to the netpage system. Other tagging systems are available and any suitable 
tagging system may be used. The invention is not limited to the use of inks which absorb 
certain wavelengths or fluoresce certain wavelengths. Magnetic inks, surface 
modification, including apertures, modification of the structure of the substrate itself all 
30 fall within the scope of the invention. The systems and methods to link the viewer of the 
present invention and the source of the document data are not limited to netpage systems. 
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A viewer may be linked by a cable to a single computer, rather than a network of 
computers. 

The present invention has been described with reference to a preferred 
embodiment and number of specific altemative embodiments. However, it will be 
appiecialeu by Ihusc skilled in the relevant fields that a number of other embodiments, 
differing from those specifically described, will also fall within the spirit and scope of 
the present invention. Accordingly, it will be tmderstood that the invention is not 
intended to be limited to the specific embodiments described in the present specification, 
including documents incorporated by cross-reference as appropriate. The scope of the 
invention is only limited by the attached claims. 
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